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3QRUP
7KHQHWSHUIRUPDQFHUDWLR35ELVFDOFXODWHGZLWKWKHSURYLVRWKDW+LQHTXDWLRQLVUHSODFHGE\WKHQHWJOREDO
LQSODQHLUUDGLDWLRQ+EZKLFKLVREWDLQHGIURPWKHDGGLWLRQRIWKHUHDULUUDGLDQFHVFRQWULEXWLRQLQWR+
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
(OHFWULFDOSRZHUORVVHV3ORVVHOHFWUDUHFDOFXODWHGXVLQJWKHHTXDWLRQVLQWURGXFHGE\'+1HXKDXVHWDO>@DQG
,QJULG+DHGULFKHWDO>@ZLWKWKHLQFOXVLRQRIWKHULEERQVUHVLVWLYLW\DQGGLPHQVLRQDOFKDQJHGULYHQE\WKHPRGXOH
WHPSHUDWXUHDVJLYHQLQ>@
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VSDFLQJORVVULEERQORVVHOHFWUORVV 333     
3ORVVULEERQ HVWLPDWHV WKH SRZHU ORVV EDVHG RQ WKH HOHFWULFDO UHVLVWDQFH IRU WKH VROGHUHG ULEERQV DQG WKH RXWSXW
FXUUHQW,0333ORVVVSDFLQJLVWKHSRZHUORVVGXHWRDGGLWLRQDOHOHFWULFDOUHVLVWDQFHVIURPWKHVSDFLQJELQPEHWZHHQ
FHOOV7KHYDOXHVȡZDQGWFRUUHVSRQGWRWKHHOHFWULFDOUHVLVWLYLW\RIWKHULEERQLQȍPPPíWKHULEERQZLGWKLQ
PPDQGWKHULEERQWKLFNQHVVLQPPUHVSHFWLYHO\ZKLOVWQEXVEDUVWDQGVIRUWKHQXPEHURIEXVEDULQWKHVRODUFHOO
DQG/IRUWKHFHOOOHQJWKLQWKHGLUHFWLRQRIWKHEXVEDULQP7KHFKDQJHLQULEERQFKDUDFWHULVWLFVȡZWGXHWR
WHPSHUDWXUHHIIHFWVDUHFDOFXODWHGEDVHGRQOLQHDULQWHUSRODWLRQIURPH[SHULPHQWDOPHDVXUHPHQWV>@
)LHOGVWXG\UHVXOWV
)LJVXPPDUL]HVWKHILHOGUHVXOWVRIWKH'877KHQRUPDOL]HGSRZHURXWSXW3QRUPKDVDOLQHDUFRUUHODWLRQZLWK
WKH LQSODQH LUUDGLDQFH )LJ D +LJK LUUDGLDQFH LPSOLHV KLJK FXUUHQW DQG WKHUHIRUH WKH HOHFWULFDO SRZHU ORVV
3ORVVHOHFWU LQFUHDVHV )XUWKHU D ULVH LQ WKHPRGXOH WHPSHUDWXUH UHVXOWV LQ D QHW RXWSXW YROWDJH GURS )LJ E ,W
UHPDLQVVWLOOXQFOHDULIWKHHOHFWULFDOSRZHUORVV3ORVVHOHFWULVWKHPDLQGULYHUIRUWKHLQFUHDVHLQPRGXOHWHPSHUDWXUH
+LJK3QRUPLPSOLHVKLJK,6&EXWQRWQHFHVVDU\KLJKYROWDJHGURS
)URP7DEOHWKHKLJKHVWPD[LPXPPRGXOHWHPSHUDWXUHLVREVHUYHG IRUWKHELIDFLDOPRGXOHZLWK$5&$5&
%FORVHO\IROORZHGE\WKHPRQRIDFLDORQH0:ZKLFKKDV$5&RQWRSUHOPHDQLQJDGHOWDRI.
7KHPRGDORSHUDWLRQDOPRGXOHWHPSHUDWXUHLVUHOKLJKHUIRUWKH%PRGXOHFRPSDUHGWRWKH0:(YHQZKHQ
%KDVDQRSHUDWLRQDOWHPSHUDWXUHFRPSDUDEOHWR%LWKDVDPHDQ35RIXSWRDEVKLJKHUWKDQ%
,WLVDOVRLQWHUHVWLQJWRQRWHWKDW0:VKRZVWKHKLJKHVW367&UHOKLJKHUWKDQ%EXWQRWWKHKLJKHVW35
aDEV ORZHU WKDQ % PDLQO\ GXH WR WKH UHDU FRQWULEXWLRQ LQ WKH ELIDFLDO PRGXOH 7KHVH UHVXOWV DUH LQ
FRQFRUGDQFHZLWKWKHUHFRPPHQGDWLRQH[SUHVVHGE\-3UDNDVK6LQJKHWDOLQ>@

  
)LJ+HDWPDSIRUDQRUPDOL]HGSRZHURXWSXW3QRUPDQGHOHFWULFDOORVVHV3ORVVHOHFWUSORWWHGYHUVXVLQSODQHLUUDGLDQFH*EVKRUWFLUFXLW
FXUUHQWDQGRSHQFLUFXLWYROWDJHSORWWHGYHUVXVQRUPDOL]HGSRZHU7KHVDPHKHDWPDSJUDGLHQWLVHPSOR\HGLQHDFKJUDSK
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7DEOH)RUPHDVXUHPHQWVUHFRUGHGGXULQJWKHILUVWVWDJHSHULRGPHDQRIPD[LPXPPRGXOHWHPSHUDWXUHSHUGD\PD[7PPRGDOPRGXOH
WHPSHUDWXUHPRG7PPHDQGDLO\SHUIRUPDQFHUDWLR35DQGPHDQGDLO\ELIDFLDOSHUIRUPDQFHUDWLR35E35DQG35EDUHJLYHQZLWKWKHLU
UHVSHFWLYHPHDQPLQLPXPDQGPD[LPXPYDOXHV
'87 )URQW5HDUVWUXFWXUH 0D[7P& 0RG7P& 35 35E
% QRQ$5&QRQ$5&   



í í
% $5&$5&   



í í
% $5&$5&   



í í
0: $5&:KLWHBEDFNVKHHW   



í í

$5& GRHVQ¶W UHMHFW ,5 ZDYHOHQJWKV DQG DOVR LQFUHDVHV WKH LQWHUQDO UHIOHFWLRQ +HQFH LW LV H[SHFWHG IRU WKLV
PRGXOHW\SHWRUHDFKWHPSHUDWXUHVKLJKHUWKDQDPRGXOHZLWKRXWWKLV$5&QRQ$5&DVREVHUYHGIRU%DQG%
% LV DPRGXOHZLWK$5& JODVVZKLFK LV DEOH WR EORFN SDUW RI WKH ,5ZDYHOHQJWKV WKHUHE\ VKRZLQJ D ORZHU
PRGXOHWHPSHUDWXUHZKHQFRPSDUHGZLWK%
&RPSDULVRQRIDKRWYVDFROGGD\
7KH KRWWHVW DQG WKH FROGHVW GD\ DUH VHOHFWHG DQG WKHPRGXOH SHUIRUPDQFH LV FRPSDUHG 7KHPD[LPXPPHDQ
DPELHQWWHPSHUDWXUHUHFRUGHG7DLV&DQGWKHPLQLPXPLV&7DEOHVXPPDUL]HVWKHPRGXOHSHUIRUPDQFH
IRU WKH KRWWHVW DQG FROGHVW GD\ UHFRUGHG %KDV WKH KLJKHVW WKHUPDO GLIIHUHQFH EHWZHHQ FROG DQG KRW GD\V RI
UHO DQG WKH ODUJHVW GURS LQ35 E\ DEV ,W LV DOVR IRXQG WKDW WKH WKHUPDO GHSHQGHQFH RI35 ¨35¨7P LV
KLJKHU IRU % WKDQ IRU % ,QWHUHVWLQJO\ WKH GDWD DQDO\VLV 92& YV 7P SHUIRUPHG DW* OHYHOV EHWZHHQ  WR
:Pí VKRZV D GLIIHUHQFH LQ YROWDJH WKHUPDO FRHIILFLHQW ¨92&¨7P EHWZHHQ% DQG% 7KLV FDQ EH
H[SODLQHGGXHWRWKHLQFUHDVHLQSKRWRQIOX[FRQFHQWUDWLRQZKLFKZRXOGUHVXOWLQDORZYROWDJHWKHUPDOFRHIILFLHQW
>@SUREDEO\GXHWRWKHSUHVHQFHRIWKH$5&OD\HUVRQWKHJODVVXVHGLQWKLVZRUN
7DEOH0RGXOHSHUIRUPDQFHIRUWKHKRWWHVWDQGFROGHVWGD\UHFRUGHG7KHPD[LPXPQHWWHPSHUDWXUH0D[7Pí7DWKHGDLO\
SHUIRUPDQFHUDWLR35WKH35WKHUPDOFRHIILFLHQW¨35¨7PDQGWKHYROWDJHWKHUPDOFRHIILFLHQW¨92&¨7PDUHGLVSOD\HG
0D[7P±7D. 35 ¨35¨7P ¨92&¨7P
'87 )URQW5HDUVWUXFWXUH +RWGD\ &ROGGD\ +RWGD\ &ROGGD\ . .
% QRQ$5&QRQ$5&     í íí
% $5&$5&     í íí
6WDJH:KLWHJURXQGH[SHULPHQW
7KHJURXQGDOEHGRIRUPRGXOHV%DQG%DUHH[FKDQJHGIURP³QRUPDO´WR³ZKLWH´LQFUHDVLQJWKHPHDVXUHG
DOEHGRIURPDSSUR[WR)URP)LJDDWDJLYHQ*WKHDYHUDJHQHWWHPSHUDWXUH7Pí7DGHFUHDVHVIRU
ZKLWHJURXQGWKXVDORZHUYROWDJHGURSDQGKLJKHU3QRUPDOWKRXJK3ORVVHOHFWULQFUHDVHV1HYHUWKHOHVVHYHQZKHQWKH
DOEHGR LQFUHDVHVE\DSSUR[UHO WKH3033 LQFUHDVHVRQO\E\UHO DQGUHOUHVSHFWLYHO\7KLVSKHQRPHQRQ
FDQ EH DWWULEXWHG WR D KLJK PRGXOH VHULHV UHVLVWDQFH DV GLVFXVVHG LQ >@ ,6& FDQQRW EH FRQVLGHUHG OLQHDUO\
SURSRUWLRQDOWRWKHQHWJOREDOLQSODQHLUUDGLDQFHGXHWRWKHKLJKVHULHVUHVLVWDQFH7KLVLVIXUWKHUHODERUDWHGLQ)LJ
EZKHUHWKHUDWLRVRI,6&*EDQG,033*EVKRXOGUHPDLQFRQVWDQWEHWZHHQWKHWZRGLIIHUHQWJURXQGFRQGLWLRQV
EXWGURSVGXHWRWKHKLJKPRGXOHV¶VHULHVUHVLVWDQFH
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7KHLQFUHPHQWLQDOEHGRIURPWRLPSOLHVDQLQFUHPHQWLQ\LHOG<$RIUHODQGUHOIRU%DQG
%PRGXOHV UHVSHFWLYHO\ VHH7DEOH  ,W VHHPV ORJLFDO WR FRQGLWLRQ WKHJURXQG WR DZKLWH DOEHGR IRU QRQ$5&
JODVVPRGXOHV%WKDQIRUPRGXOHVZLWK$5&JODVV%7KLVH[SHULPHQWDOVRUHYHDOVWKDWWKHHOHFWULFDOSRZHU
ORVVHV DUH QRW WKH PDLQ PRGXOH WHPSHUDWXUH GULYHU EXW WKH JURXQG UHIOHFWHG ,5 LUUDGLDWLRQ KDV D VLJQLILFDQW
FRQWULEXWLRQ WR7P1HYHUWKHOHVV HYHQ LI SDUW RI WKH ,5 LVDYRLGHG WKH EHQHILW LQ WHUPV RI HOHFWULFDO SRZHU LVQRW
GLUHFWO\ SURSRUWLRQDO GXH WR WKH ODUJH VHULHV HOHFWULFDO ORVVHV7KXV WKHVH UHVXOWV SURYH WKH HOHFWULFDO ORVVHV WR EH
UHVSRQVLEOHIRUOLPLWLQJWKHPRGXOHSRZHURXWSXWDQGFRPSOHPHQWSUHYLRXVGLVFXVVLRQVLQ>@
7DEOH7KHPHDVXUHGGDLO\HQHUJ\\LHOG<$SHUIRUPDQFHUDWLR35DQGQHWPRGXOHWHPSHUDWXUH7Pí7DIRUWKHWZRHYDOXDWHGJURXQGV
<$:K:S 35 0D[3ORVVHOHFWU: 0HDQ0D[7Pí7D. 0HDQ7Pí7D.
'87 QRUPDO ZKLWH QRUPDO ZKLWH QRUPDO ZKLWH QRUPDO ZKLWH QRUPDO ZKLWH
% ц         
%          

  
)LJ+HDWPDSIRUDWKH,6&*UDWLRRSHQFLUFXLWYROWDJH92&QRUPDOL]HGSRZHU3QRUPDQGHOHFWULFDOORVVHV3ORVVHOHFWUIRUQRUPDODQG
ZKLWHJURXQGSORWWHGYHUVXVWKHJOREDOLQSODQHLUUDGLDQFH*EWKH,6&*EDQG,033*EUDWLRVSORWWHGYHUVXV*E7KHVDPHKHDWPDSJUDGLHQW
LVHPSOR\HGLQHDFKJUDSK
&RQFOXVLRQ
7KHUHVXOWV LQGLFDWH WKDWWKHELIDFLDOPRGXOHZLWKRXW$5&%REWDLQHGD35RIXS WRUHOKLJKHUWKDQWKH
PRQRIDFLDOPRGXOHZLWK$5& JODVV 0: ,Q VLPLODUZD\ WKH JODVVJODVV ELIDFLDOPRGXOHVZLWK$5&RQERWK
JODVV VKHHWV DFKLHYHG D SHUIRUPDQFH UDWLR 35 RI XS WRDEVKLJKHU WKDQPRGXOHVZLWKRXW$5&RQDQ\ RI ERWK
JODVVHVZLWKDQRSHUDWLQJWHPSHUDWXUHGLIIHUHQFHRIDSSUR[.,ISDUWRIWKHDOEHGR,5LVUHMHFWHGWKHRSHUDWLQJ
WHPSHUDWXUHGLIIHUHQFHGHFUHDVHVLQFUHDVLQJWKH35GLIIHUHQFHXSWRaDEVXQGHUDGHVHUWORFDWLRQ
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7KH XVH RI $5& RQ JODVV KHOSV WR LPSURYH WKH 35 EXW LW DOVR FDQ LQFUHDVH LWV WKHUPDO GHSHQGHQFH DQG WKH
RSHUDWLQJPRGXOH WHPSHUDWXUH 7KLV 35 LPSURYHPHQW GHSHQGV RQ KRZ KLJK WKH VHULHV UHVLVWDQFH DQG WKH RXWSXW
FXUUHQWDUHWKHUHE\DQ\RSWLFDOFHOOWRPRGXOH&70JDLQZRXOGQRWEHQHFHVVDU\WUDQVODWHGLQD\LHOGJDLQ7KLV
HYLGHQFHVWKHQHHGWRFKDQJHWKHPRGXOHDUFKLWHFWXUHRULQWHUFRQQHFWLRQOD\RXWLQRUGHUWRDYRLGWKHVHULHVHOHFWULFDO
SRZHUORVVHYHQIRUWHUUHVWULDODSSOLFDWLRQ
)RUWKHH[SHULPHQWZLWKZKLWHDOEHGRLWFDQEHFRQFOXGHGWKDWWKHHOHFWULFDOSRZHUORVVDUHQRWWKHPDLQPRGXOH
WHPSHUDWXUH GULYHU EXW WKH VXQOLJKW LUUDGLDQFH WKH DOEHGR DQG DPELHQW WHPSHUDWXUH SOD\ DQ LPSRUWDQW UROH IRU
PRGXOHV ORFDWHG LQ GHVHUW ORFDWLRQV 6HWWLQJ XS WKH JURXQG FRQGLWLRQV WR DYRLG ,5 UHIOHFWLRQV DQG WR LQFUHDVH WKH
DOEHGRLQWKHYLVLEOHZDYHOHQJWKVVHHPVWREHZRUWK\WRDSSO\LQQRQSRODUGHVHUWORFDWLRQVWKHPRGXOHWHPSHUDWXUH
FRXOGGHFUHDVHLQFUHDVLQJWKHSHUIRUPDQFHDQGUHOLDELOLW\
,WLVUHFRPPHQGHGWRSXWDWWHQWLRQWRWKHJODVVW\SHXVHG IRUPRGXOHPDQXIDFWXULQJEHFDXVHLIWKH$5&LVQRW
WXQHG WR UHIOHFW WKH ,5 LUUDGLDWLRQ WKHQ LW ZLOO QRW EULQJ WKH H[SHFWHG \LHOG EHQHILFHV ,Q RWKHU ZRUGV D PRGXOH
PDQXIDFWXUHGZLWKDQDQWLUHIOHFWLYHFRDWHGJODVVKDVPRUHILHOGSRWHQWLDOLIWKH$5&LVWXQHGWRUHMHFWWKHLQFRPLQJ
LQIUDUHG2IFRXUVHDGHWDLOHGHFRQRPLFDODQDO\VLVPXVWEHFRQGXFWHGFRQVLGHULQJJODVVFRVWGLIIHUHQFHVDQGHYHQ
VRLOLQJDEUDVLRQDQGZLQGVSHHGHIIHFWV
$FNQRZOHGJHPHQWV
7KLVZRUNZDV VXSSRUWHG E\ WKH*HUPDQ0LQLVWU\ RI(GXFDWLRQ DQG5HVHDUFK %0%) XQGHU FRQWUDFWQXPEHU
&+/:7=6RODU&KLO'6RODUH.ROODERUDWLRQ]ZLVFKHQ&KLOHXQG'HXWVFKODQG7KHDXWKRUVZDQW WRWKDQN
WKH(QHUJ\'HYHORSPHQW&HQWUHRIWKH8QLYHUVLW\RI$QWRIDJDVWD&KLOHIRUWKHSURYLGHGGDWDVHWDQGWRRXUFROOHJHV
/-.RGXYHOLNXODWKX+&KXDQG(:HIULQJKDXVIRUWKHIUXLWIXOGLVFXVVLRQV
5HIHUHQFHV
>@ %HQJW3HUHUV6LPRQ)XUER-LDQJRQJ+DQ:HLTLDQ.RQJ6WDPRXOLV6WHUJLDNLV/RQJWHUPWHVWLQJDQGHYDOXDWLRQRI39PRGXOHVZLWKDQG
ZLWKRXW6XQDUFDQWLUHIOHFWLYHFRDWLQJRIWKHFRYHUJODVV(QHUJ\3URFHGLD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